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           The large single crystals of alkali halide andthallium halide were produced by 
        Bridgman-Stockbarger m thod. The absorption spectra of RRS-5, TIBr and TICI 
         with the several thickness near the short edge were measured and comparedwith
        the results of various investigators. Although the ezciton peak was not detected, 
        the impurity band of thallium compound and the red shift of short edge werefound. 
        Also, their reflectance spectra of NaF, TIC] and KRS-5 in the far infraredregion 
         were measured. And these results were analysed referring to the Drude's dispersion 
         formula, thus the damping constants of these crystals at roomtemperature were 
        estimated to be 0.045 for NaF, 0.15 for TICI, and O.IB for NaF respectively.
                                 Introduction 
   In general, the methods for growth of crystals have been selected-following the melting point, 
crystal structure and chemical properties of materials. The several methods have been devised foe 
crystal growth of various materials)-s>, and fa some cases the theories on the crystal growthTl have 
been established. Bu[ the suitable technique for growing crystal of one material can not he simply 
applied for the similar one, thus many trials aze often necessary before good crystals of given 
materials may be produced. 
   The author produced these crystals by Bridgman-Stockbarger methodi•-•s7 by the reason that 
this method is most appropriate to clear the hysteresis of crystal growth. The most suitable 
conditions for growth to obtain nearly perfect crystal were found for each crystal, especially for 
the growth rate and the temperature distribution in the furnace. 
   It is found some diffcrentt in the separation of the firstabsorption band due to ezciton creation 
from the one set of continuous absorption associated with band-to-band transition of alkali halide, 
where [he nature of the bond is predominantly ionic, and of thallium ha]ide with higher dielectric 
constant. In the Inter, the separation is less well resolved. 
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evaporated film of these crystals?• to• tU The optical properties of evaporated thin film and of Che 
thin film of single crystal probably may be different for the reason that the evaporated thin film 
is the aggregation of very small particle. To detect the eaciton bands of thallium halide single 
crystals, [he author polished the specimens of TICI, TIBr and KRS-5 as thin as possible, and 
measured the absorption spectra near the short edge. 
   On the other hand, many investigatorstz)ta) have discussed from the knowledge of the optical 
constant about the reflection structure, especially about their side bands and the broadening of 
their main bands. The dependances of the damping constants of NaCI and LiF lattice vibration 
on the temperature were estimated by Hasst4l and Heilmannfs>. 
   To estimate of the damping constants in lattice vibration of the single crystals of NaF, T1Cl 
and KRS-5, using the Drude's dispersion formula~61, the reflection spectra of these Crystals in the 
far infrared region were measured.
                                Experimenkals 
   The raw materials used to produce the single crystals of alkali halides and thallium halides 
were available the commerciallized reagents with the highest purity. The reagents were purified 
by the zone refining method and the cationic impurities in the starting materials are partially listed 
in the table, determining by flame analysis. In the table, [he notations of t, rt and -represent 
[hat the impurity contents are 10"10'6, 10^-10'0 and below 10'" in weight respectively. 
                 Table The impurity contents in [he raw materials.
Impurity
Crystal
Ca AI Ph Fe Ag Ti Cu Mg Si
TICI
    TIBr + + + + t - + t -
RRS-s + f f
   These raw materials of KRS-S (mixed crystal of 42 atom per cent T1Br and 58 atom per cent 
T1I), T1Br and TICI were sealed in glass tubes with the crucible made of platinum or porcelain, 
which took the shape of cone in the lower part and cylinder in the upper part. Before 
sealing these materials were dried for about fifty hours long at high temperature below the 
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treatment was applied without 
Stockbarger method to produce 
4
7
of Alkali Halide and TLallium Halide 
sealing. The schematic diagram of 
the single crystals is shown in Fig.
Fig. 1
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the furnace using Bridgman-
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employed for crystal growth 
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      5 JI 
conditions of the temperature distributions which were changed with crys[aliza[ion process i  shown 
in Fig. 2. It was necessary to give the largest emperature gradient is the solid-liquid phase in 
[he crucible az possible for the generation of only a single nuclear crystal. After the crystal was 
partially grown, it was necessary the temperature gradient to be mollified and the isothermal 
line to be vertital to the direction of growth. In [he final process, it was. necessary the tem-
perature gradient to be mostly mollified. 
   The lowering rates"of crucible which Gave the optimum conditions depending on the .kinds 
of crystals were ranged from 1mm/hr to 6mm/hr. And the lowering rate of crucible can be 
regarded az the crystal growth rate, by controlling [be temperature gradient in the furnace 
with the appropriate design. This was ascertained by the intermittent observation. The trans-
parent single crystals of the alkali halides and thallium balides have been produced with these 
procedures. The ingots were cut in appropriate size [o measure their optical properties and polished 
oa the pitch plate using zirconium oxide powder. As shown in Fig. 3, the optical absorption 
spectra near the short edge were measured with the spectrometer, the Model Hitachi EPU-2 A,
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the short edge of 
TIBr and RRS-5 
[be various thick-
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in terms of the quantity, log(Io/I), where to is the intensity of the incident beam. and I is the 
intensity of [he ligb[ transmitted by the sample. All measurements were operated at room 
temperature. 
   On the other hand, as shown in Fig. 4, the reflection spectra of NaF, TICI and RRS-5 crystal 
in the far infrared region with the vacuum grating spectrometer of much higher resolving power, 
were measured at Yoshinaga Laboratory, Faculty of Technology, Osaka University. The measure-
ments were made in the spectral region from 20µ to 200 p, at the average incident angle 12` 
at room temperature.



















   20 
Fig. 4







NaF, TICI nod RRS-5
      400 500 
in the far infrared region
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                            Resulks and Discussions 
   In Fig. 3 are given the absorption spectra near absorption edges of TICI, TIBr and RRS-5 
single crystals. The specimens were too thick to detect the eaciton hand as shown in Fig. 3. 
The edges are sited at 3.35ev_for TICI, 2.94ev for TIBr and 2.21ev for KRS-6, and are shifted 
to the longer wavelength side than those of other results, in which are at about 4.5 ev for TICI, 
a[ about 4:2ev for TlBrlrl and 2.29ev for KRS-518) respectively. Contamination of thallium 
compound as impurity to thallium chloride results in the impurity band at 3.15 ~, in absorption 
spectra and more shift to longer wavelength side of the absorption edge compared with pure-TICI. 
The chemical formula of the thallium compound impurity may be thallium oaide. This was 
ascertained by the chemical analysis of the impurity rich portion of TICI. In Fig. 4 are shown 
the infrared reflection spectra of NaF, TICI and KRS-5. 
   The reflection spectra of crystals are expressed in the following manner using Drude's dis-
persion formula, 
                         f( ~ f ~- Ea-E= ~1)
   The ronstants 
persion frequency,
          r0 = o 
// \/ / \r l                        1 -
\tU0/ + s \v1o/ \me/ 
are directly measurable quantities, v,e, Ee and E. represents the infrared dis-
the static dielectric constant and the high-frequency dielectric constant respec-
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was expressed as (r/~~
 r~e(m) = re 
s is extincti 
shown that




index of refraction and 
imaginary parts, it is 
         rz'- sr = e t
expressing Eq. (1)
                            [1-(mfvo)2]rt+(m/mo)r(7/tao)'~ 
Knowing n and K.. the reflectance R is given by 
                                R-(n-1)2+xY                 (
x+1)''+ s~ '
   The results of calculating R as function of (v,/ma) are shown in 
determination f the value of eo and em were taken as 6.0 and 1.74 for 
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      Fig. 5 The reflection spectra calculated from the dispersion formula with the damping 
             constant as a function of the relative frequency in NaF 
   The inverse curves of the peak reflectivity were then plotted as a function of the damping 
constants as shown in Figs. 8, 9 and 10. It can be seen from these Figures that the inverses 
of peak reflectivity are approximately linear with the damping constant as bas been shown in 
the other paper. Consequently. the damping constant can be estimated to be 0.045, 0.15, and 
0.18 for NaF, TICI, and KRS-5 respectively at loom temperature. 
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  i . The reflection spectra calculated from the dispersion formula with the damping 
         constant as a (unction of the relative (requenty in RRS-3 
F, aCI and KC1 and that the relative heights of the secondary side peak to major one also 
:   exactly the same order. A similar trend is found in these crystals for the deviation 
e uty relation among the elastic onstants C„/C__ in these crystals. By the analysis 
fl [ion spectrum fo]lowing the harmonic approximation when cyclic boundary conditions are 
d, e occurrence of a complex spectrum can not be explained. The existence of the side 
  reflection spectrum o[ NaF indicates the inadequacy of the simple theory, az pointed 
~y s. But the main bands in the reflection spectrum estimated, shown in Figs. 5, 6 
, ow the good agreement with those of the experimental results hown in Fig. 4, when 
ping constants of NaF, TICI and RRS-5 are decided [o be 0.045, 0.15 and 0.18
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